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(54) Tide: ISOLATION OF NUCLEIC ACID 



(57) Abstract 



The present invention provides a method of isolating nucleic acid from a sample, said method comprising contacting said sample 
with a detergent and a solid support, whereby soluble nucleic acid in said sample is bound to the support, and separating said support with 
bound nucleic acid from the sample. Where the method of the invention is used to isolate DNA, it may conveniently be coupled with a 
further step to isolate RNA from the same sample. 
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Isolation of Nucleic Acid 



The present invention relates to the isolation of 
nucleic acid, and especially to the, isolation of DMA' or 
RNA from cells . 

The isolation of DNA or RNA is an important step in 
many biochemical and diagnostic procedures . For 
example, the separation of nucleic acids from the 
complex mixtures in which they are often found is 
frequently necessary before other studies and procedures 
eg. detection, cloning, sequencing, amplif ication, 
hybridisation, cDNA synthesis etc. can be undertaken; 
the presence of large amounts of cellular or other 
contaminating material eg. proteins or carbohydrates, in 
such complex mixtures often impedes many of the 
reactions and techniques used in molecular biology . In 
addition, DNA may contaminate RNA preparations and vice 
versa. Thus, methods for the isolation of nucleic acids 
from complex mixtures such as cells, tissues etc. are 
demanded, not only from the preparative point of view, 
but also in the many methods in use today which rely on 
the identification of DNA or RNA eg. diagnosis of 
microbial infections, forensic science, tissue and blood 
typing, detection of genetic variations etc. 

In RNA identifications it is important for a 
conclusive diagnosis to be certain that the detected 
sequence is derived from an RNA molecule and not from 
genomic DNA contamination in the sample. For this 
reason, methods for the separation of RNA from DNA are 
important. Also, for RNA isolation rapid methods are 
required since RNA molecules usually are very unstable 
and rapidly degraded by RNases present in cells and body 
fluids . The quality of the RNA is probably the most 
important factor in determining the quality of the final 
results in protocols utilising mRNA, especially for cDNA 
synthesis. It is important to avoid DNA contamination 
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quality mRNA is an important step in the analysis of 
gene structure and gene regulation. 

Most eukaryotic mRNAs have a poly (A) tail, typically 
about 50 to 300 nucleotides long. Such mRNA is referred 
to as polyadenylated or poly (A) ^ mRNA. In separating 
this polyadenylated RNA from the non-adenylated RNA 
which accounts for 95% or more of a cell's total RNA, 
advantage is taken of this poly (A) tail and some type of 
affinity separation directed toward the poly (A) tail is 
performed. The conventional technology has involved 
purification of total RNA as a first step and selection 
of poly (A)* RNA by affinity chromatography using 
oligo (dT) -cellulose as the second step. This strategy , 
is rather time-consuming and labour-intensive. An 
alternative strategy for mRNA purification is to use 
oligo (dT) linked to solid supports such as microplates, 
latex, agarose or magnetic beads. 

Over the past four years it has become increasingly 
popular to employ a magnetic bead assisted strategy for 
poly (A) + RNA selection since such beads have proven to be 
favourable in mRNA manipulations. In many approaches, 
the yield and the. quality of the products depends on how 
rapidly the mRNA can be purified from nucleases and 
other contaminants. By using the magnetic bead 
separation technology, pure, intact poly (A) + RNA can be 
obtained rapidly either from total RNA preparations or 
more importantly, directly from crude lysates of solid 
tissues, cell or body fluids. The entire procedure can 
be carried out in a microfuge tube without phenol 
extractions or ethanol precipitations. 

One approach common in RNA purification, which may 
be used in conjunction with the solid phase approach is 
to carry out the lysis of the biological material and 
the subsequent hybridisation to oligo dT in LiCl and 
LiDS/SDS buffers, thereby avoiding extra steps such as 
phenol extraction or proteinase-K digestion. The whole 
direct mRNA isolation takes approximately 15 minutes and 
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which is necessary following alcohol precipitation and 
the problems with dissolving nucleic acids, are also 
known to lead to artefacts in enzyme-based procedures 
such as PCR. Since such procedures are now a mainstay 
of molecular biology, there is a need for improved 
methods of nucleic acid isolation, and particularly for 
methods which are quick and simple to perform and which 
avoid the use of chaotropic agents or alcohol 
precipitation* There is also a need for a method which 
allows for differentiation between RNA and DNA and 
permits a separate isolation of both types of nucleic 
acid from the same sample . The present invention seeks 
to provide such methods. 

In particular, it has now been found that nucleic 
acid may be isolated from a sample in a form suitable 
for amplification or other downstream processes, by a 
•simple and easy to perform procedure which involves 
treating the sample with detergent and allowing the 
nucleic acid to bind to a solid support, whereupon the 
nucleic acid may be readily separated from the sample, 
eg. by removal of the support. The binding of the 
nucleic acid is independent of its sequence. 

In one aspect; the present invention thus provides 
a method of isolating nucleic acid from a sample, said 
method comprising contacting said sample with a 
detergent and a solid support, whereby soluble nucleic 
acid in said sample is bound to the support, and 
separating said support with bound nucleic acid from the 
sample . 

The nucleic acid may be DNA, RNA or any naturally 
occurring or synthetic modification thereof, and 
combinations thereof. Preferably however the nucleic 
acid will be DNA, which may be genomic, or, cDNA, and 
single or double stranded or in any other form. 

Where the method of the invention is used to 
isolate DNA, it may conveniently be coupled with a 
further step to isolate RNA from the same sample. The 
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heating, for example using a microwave oven (Banerjee, 
S.K. et». al . . 1995, Biotechniques 18: 769-773). Also, 
certain more compact tissues may require enzyme 
treatment, for example using proteinase K to obtain 
sufficient release of nucleic acid. The various 
components are mixed and simply allowed to stand for a 
suitable interval of time to allow the nucleic acid to 
bind to the support. Conveniently, if other agents such 
as enzymes eg. proteinase K are being used, they may be 
included in with the detergent. The support is then 
removed from the solution by any convenient means, which 
will depend of course on the nature of the support, and 
includes all forms of withdrawing the support away from 
the sample supernatant, or vice versa, for example 
centrif ugation, decanting, pipetting etc. 

The conditions during this process are not 
critical, and it has been found convenient, for example, 
simply to mix the sample with the detergent in the 
presence of a solid phase, and allow it to stand at room 
temperature, for 5 to 20 minutes, before separating. As 
mentioned above, the reaction time is not critical and 
as little as 5 minutes is often enough. However, if 
convenient, longer periods may be used, eg. 0.5 to 3 
hours, or even overnight. Mixing can be done by any 
convenient means, including for example simple agitation 
by stirring or vortexing. Also, if desired, higher or 
lower temperatures may be used, but are not necessary. 

The detergent may be any detergent, and a vast 
range are known and described in the literature. Thus, 
the detergent may be ionic, including anionic and 
cationic, non-ionic or zwitterionic . The term "ionic 
detergent" as used herein includes any detergent which 
is partly or wholly in ionic form when dissolved in 
water. Anionic detergents have been shown to work 
particularly well and are preferred. Suitable anionic 
detergents include for example sodium dodecyl sulphate 
(SDS) or other alkali metal alkylsulphate salts or 
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lOmM EDTA 
1% LiDS 

The detergent functions in the method to lyse the 
nucleic acid containing material, eg. the cells and 
nuclei to release the nucleic acid. The detergent is 
also believed to help to disrupt the binding of 
proteins, eg. DNA-binding proteins, to the nucleic acid 
and to reduce the problem of contaminants in the sample 
sticking to the solid support . 

The solid support may be any of the well known 
supports or matrices which are currently widely used or 
propo&od f or immobilisation, separation etc. These may 
take the form particles, sheets, gels, filters, 
membranes, fibres, capillaries, or microtitre strips, 
tubes, plates or wells etc. 

Conveniently the support may be made of glass, 
silica, latex or a polymeric material. Preforred are 
materials presenting a high surface area for binding of 
the nucleic acid. Although not wishing to be bound by 
theoretical considerations, it is believed that the 
nucleic acid binding process may be assisted by the 
nucleic acid "wrapping around" the support. Such 
supports will generally have an irregular surface and 
may be for example be porous or particulate eg. 
particles, fibres, webs, sinters or sieves. Particulate 
materials eg. beads are generally preferred due to their 
greater binding capacity, particularly polymeric beads. 

Conveniently, a particulate solid support used 
according to the invention will comprise spherical 
beads. The size of the beads is not critical, but they 
may for example be of the order of diameter of at least 
1 and preferably at least 2 fim, and have a maximum 
diameter of preferably not more than 10 and more 
preferably not more than 6 fim. For example, beads of 
diameter 2.8 fxm and 4.5 fxm have been shown to work well. 
Monodisperse particles, that is those which are 
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DYNABEADS , are particularly suited to use in the present 
invention. 

Punctionalised coated particles for use in the 
present invention may be prepared by modification of the 
beads according to US patents 4,336,173, 4,459,378 and 
4,654,267. Thus, beads, or other supports, may be 
prepared having different types of f unctionalised 
surface, for example positively charged or hydrophobic. 
Weakly and strongly positively charged surfaces, weakly 
negatively charged neutral surfaces and hydrophobic 
surfaces eg. polyure thane -coated have been shown to work 
well. 

It is also possible to use solid supports which 
have been modified to permit the selective capture of 
desired cells, viruses etc . containing the nucleic acid. 
Thus for example, supports carrying antibodies, or other 
binding proteins, specific for a desired cell type may 
be used. This may introduce a degree of selectivity to 
the isolation of the nucleic acid, since only nucleic 
acid from a desired target source within a complex 
mixture may be separated. Thus for example, such a 
support may be used to separate and remove the desired 
cell type etc, from the sample, following which, the 
detergent is added to achieve lysis, release of the 
nucleic acid, and binding to the support. 

The preparation of such selective cell capture 
matrices is well known in the art and described in the 
literature . 

Likewise, the support may be provided with binding 
partners to assist in the selective capture of nucleic 
acids. For example, complementary DNA or RNA sequences, 
or DNA binding proteins may be used, or viral proteins 
binding to viral nucleic acid. The attachment of such 
proteins to the solid support may be achieved using 
techniques well known in the art. 

Although not necessary, it may be convenient to 
introduce one or more washing steps to the isolation 
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separation step, for example by addition of an RNAase or 
an alkali such as NaOH. 

Alternatively, as mentioned above, the method of 
the invention may be used to separate sequentially DNA 
and RNA from the sample. It may also be used to remove 
DNA from a sample in an RNA purification procedure. 

Conveniently, the sequential separation may take 
place using two different solid phases, for example 
solid supports which can differentiate between DNA and 
RNA. Thus, such a method may comprise carrying out a 
first step separation to isolate DNA as described above. 
A further solid support can then be added to the sample 
to capture the RNA remaining in the sample, either by 
using a solid support that can bind the RNA or any 
remaining nucleic acid, or a solid support that can 
capture specific RNA molecules (eg. by carrying a 
complementary nucleic acid probe) , or a subset of RNA 
molecules eg. polyadenylated RNA. In this way it is 
possible rapidly to isolate and separate DNA and RNA or 
subsets of both from the same sample. This may be 
useful, for example by measuring the isolated DNA to 
estimate the amount of cells used for RNA extraction, 
which will give a reference between different samples. 

However, the DNA isolation procedure of the 
invention may also readily be combined, as a preliminary 
step, with other conventional RNA purification 
procedures, for example DNA isolation with detergent 
according to invention may be carried out before a 
selective RNA precipitation step, for example using LiCl 
or before RNA separation using GTC and sarkosyl . 

In a representative procedure, the sample is lysed 
in the presence of detergent and the DNA is allowed to 
bind to a solid support, whereupon the DNA may readily 
be separated from the sample by removal of the support. 
If desired, the DNA can rapidly and easily be further 
handled for amplification or other downstream processes . 
The RNA may then be isolated. This can be by a solid 
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Maximum absorbance (0.427) at 257.6 nM; minimum 
absorbance (0.292) at 236.4 nM; at a threshold of 0,100; 

Figure 2 shows gel electrophoresis of a sample of 
DNA isolated as described in Example 1 (lane 1: 
isolation; lane 2: X Hind III (molecular weight 
marker) ) ; 

Figure 3 shows agarose gel electrophoresis of the 
PCR product of Example 2 ( lane 1: PCR product; lane 2: 
X Hind III; lane 3: negative PCR control); and 

Figure 4 shows agarose gel electrophoresis of the 
PCR product of Example 5 (lane 1: X Hind III; lanes 2 
and 3: isolations A and B respectively; lanes 4 and 5: 
negative control; lane 6: X Hind III). 

Figure 5 show the comparison between traditionally 
isolated DNA and DNA isolated with Dynabeads DNA DIRECT . 
Panel I shows the amount of genomic DNA isolated from 10 
fil of whole blood with Dynabeads DNA DIRECT including 
the optional elution step (lanes 1 and 2), with 
Dynabeads DNA DIRECT with the elution step omitted 
(lanes 3 and 4) , and with traditional DNA isolation 
(lanes 5 and 6) . The molecular weight marker in lane 7 
is X Hindlll. Panel II shows the integrity of DNA 
isolated by Dynabeads DNA DIRECT. Lanes 1 and 2 show 
AMXY PCR from 20 ng of DNA isolated with Dynabeads DNA 
DIRECT from a male and female donor respectively. Lanes 
4 and 5 show AMXY PCR from 200 ng DNA isolated by 
traditional methods from a female and a male donor 
respectively. Lane 3 is the negative control. 

Figure 6 shows the reproducibility of Dynabeads DNA 
DIRECT. The figure shows five independent Dynabeads DNA 
DIRECT isolations from each of two donors. Half of the 
DNA obtained from 10 fil of blood is shown in the upper 
part of the figure, 20* of the product from PCR 
reactions started with 10% of the isolated DNA is shown 
in the lower part of the figure . Molecular weight 
markers are X Hindlll (lanes marked M) or 100 bp ladder 
(lane marked L) . 
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product from PCR reactions started with 10% of the 
isolated DNA is shown in the lower part of the figure. 
Panel II shows two Dynabeads DNA DIRECT isolations from 
4 x 10 s Daudi cells. One tenth of the DNA obtained is 
5 shown in the upper part of the figure, 20% of the 

product from PCR reactions started with 1 fil of a total 
of 120 /il isolated DNA is shown in the lower part of the 
figure. The molecular weight marker is A Hindlll for 
the genomic DNA and 100 bp ladder for the PCR products. 

10 Figure 10 shows Dynabeads DNA DIRECT from formalin 

fixed, paraffin embedded material. Lane A is 20% of the 
PCR product from a reaction started with DNA isolated by 
DNA DIRECT from a formalin fixed, paraffin embedded 
section of liver. Lane M is molecular weight marker 

15 (100 bp ladder), lane B is positive control (PCR from 20 
ng human DNA) , and lane C is negative control (PCR from 
water) . 

Figure 11 shows Dynabeads DNA DIRECT for mRNA 
purification. mRNA was isolated from 1 million Daudi 

20 cells per sample with Dynabeads 01igo(dT) 2 s after removal 
of DNA with Dynabeads DNA DIRECT. Increasing amounts of 
DNA DIRECT Dynabeads were used to remove genomic DNA; 1 
mg in lane 1 and 2; 2 mg in lane 3 and 4; 5 mg in lane 5 
and 6 and 10 mg in lane 7 and 8. Lane 9 and 10 are 

25 controls where no DNA was removed before direct mRNA 

purification. The extra bands on the top of the picture 
show contaminating genomic DNA in lane 9 and 10 . The 
two strong bands in all lanes represent ribsomal RNA. 
Fiotirg 12 shows the results of DNA isolation and 

30 PCR amplif ication from (A) bacteria, (B) fungi, (C) 

algae and (D) plants. For all samples, DNA was isolated 
with 200 ^1 DNA DIRECT (one sample test) and 20% of the 
isolated DNA and 10% of the PCR products were analysed 
by agarose electrophoresis. For bacteria, 2.5% of the 

3 5 isolated DNA was used per PCR reaction, for the other 
samples 5% was used. 16S rRNA regions were amplified 
from bacterial genomic DNA and from algae chloroplast 
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DMA isolafion from cell culture 

5 4xl0 6 HL60 cells were washed twice in PBS and pelleted. 
The pellet was dissolved in 10 nl PBS, and l mg of 
Dynabeads® M-2 80* obtainable by autoclaving a suspension 
of Dynabeads® M-280 tosylactivated (available from DYNAL 
*~/S, Oslo, Norway) in water) resuspended in 0.1 ml lysis 
bufftesr t - % SDS / 10 mM TrisCl pH 8.0/1 mM EDTA] was added. 
Thxs was follow*^ immediately by the addition of 1 ml 
lysisbuffer, and the suspension was incubated for 5 
minutes at room temperature, atc« which the Dynabeads®, 
with bound DNA was attracted to a magnet and the liquid 
15 phase removed. The solid phase was then washed twice 
with l ml washing buffer [50 mM NaCl/10 mM TrisCl pH 
8.0/1 mM EDTA] . Finally, the beads, with bound DNA, 
were resuspended in 0.1 ml water, and incubated for 5 
minutes at 65 °C. The beads were attracted to a magnet, 
20 and the liquid phase withdrawn. The liquid phase was 
then analyzed for its DNA content. Results from an 
optical density scan (Fig. i) are in accordance with 
pure DNA. The Od 26 o/OD S80 ratio is 1.72,- pure DNA in 
wate*- or i'E has a ratio of 1.7 - 1.9. with pure DNA, 
the concentration can be determined from the 0D 260 of ' the 
solution. A 50 M g/ml solution has OD 260 = 1.0. From the 
0D 260 measurement (Table 1) of 0.436 (0.1 ml total 
volume, 10 mm lightpath) , the yield can be calculated to 
2.18 fig DNA, 82% of the 2.67 ^g that was the estimated 
3 0 DNA content of the starting material. Gel 

electrophoresis of a sample of the isolated DNA (Fig. 2) 
shows that most of it is in a high molecular weight form 
(>20 kb) . 
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Example l was repeated using the following 
combination of lysisbuffers and washing buffers, and the 
following results were obtained: 

(where +++ indicates very good DNA isolation) 



Lysis buffer 

10 2% SDS 

2% SDS/l x TE 

2% SDS/l x TE/10 mM NaCl 

5% SDS 

5% SDS/l x TE 
15 5% SDS/l x TE/10 mM NaCl 

1% LiDS/10 x TE/0.5 M LiCl 

1% LiDS/10 X TE/0.5 M LiCl 

5% LiDS 

5% SDS 
20 1% Sarcosyl 



Washing buffer Raatilt- 

50 mM NaCl/1 x TE +++ 

50 mM NaCl/1 x TE +++ 

50 mM NaCl/1 x TE +++ 

50 mM NaCl/1 x TE +++ 

50 mM NaCl/1 x TE 4-+ + 

50 mM NaCl/1 X TE +■ + + 

50 mM NaCl/1 x TE +++ 

150 mM LiCl/1 X TE +++ 

150 mM LiCl/1 x TE +++ 

150 mM LiCl/1 x TE +++ 

150 mM LiCl/1 x TE +++ 



1 x TE is 10 mM TrisCl pH 8.0/1 mM EDTA, 10 x TE is 100 
mM TrisCl pH 8.0/10 mM EDTA 

25 

fiTcnmplfr _j 
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Following the procedure of Example 1, similar 
results may be achieved using Dynabeads* M-450 uncoated 
(Dynal A/S, Oslo, Norway) 
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10 Ml of the same blood sample were performed using 
Dynabeads DNA DIRECT (kit, commercially available from 
Dynal AS, Oslo, Norway, containing beads equivalent to 
Dynabeads® M-2 80* as described in Example 1) . The DNA 
5 from two of the isolations was eluted for 5 minutes at 
65*C, while the DNA from the other two isolations was 
left in the presence of the Dynabeads. All the DNA from 
the four Dynabeads DNA DIRECT isolations was loaded onto 
an agarose gel, as was 0.2% of traditionally isolated 
10 DNA. The fraction of the traditionally isolated DNA 
loaded corresponds to the yield from 10 /xl of blood 
(0.2% of 5 ml) . 

Traditional DNA isolation was performed according to the 
15 method of John and coworkers (John, S.W.M., G. Weitzner, 
R. Rosen and C.R. Scriver. 1991. A Rapid Procedure for 
Extracting Genomic DNA from Leukocytes. Nucl. Acid. Res. 
19 (2) :408) . 

20 With Dynabeads DNA DIRECT, lysis of the blood was 

obtained by mixing 200 /xl (one sample test) of Dynabeads 
DNA DIRECT with 10 fil of blood in a 1 . 5 ml 
microcentrifuge tube (2 00 ^g uncoated Dynabeads in 
Lysis/binding buffer). Lysates were then left on the 

25 bench at room temperature for 5 minutes to allow 
adsorption of genomic DNA to the Dynabeads . 

The DNA/Dynabeads complex was attracted to a magnet 
(Dynal* s Magnetic Particle Collector E (MPC-E) ) , and the 
30 lysate was aspirated and discarded. 

The complex was then washed twice in washing buffer (one 
of the kit components) by attracting it to a Dynal MPC 
and discarding the supernatant. Finally, the complex 
35 was resuspended in 10 jxl of TE pH 8.0 (provided in the 
kit) . 
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3') and AMXY-4R ( 5 ! -TTCATTGTAAGAGCAAAGCAAACA-3 1 ) were 
added per reaction. PCR was performed on a Perkin Elmer 
GeneAmp PCR System 9600. PCR conditions for the AMXY 
- " amplicon were 4 min at 94°C, 38 X [30 sec at 94°C, 30 sec 
5 at 55°C, 1 min at 72°C] , 10 min at 72°C. 

10 fil of the 50 fMl PCR reactions were visualised on 
ethidium bromide stained 1*5% agarose gels. 
Electrophoresis was performed in 1 x TAE buffer, and the 
10 results were documented with a DS34 Polaroid camera and 
Polaroid 667 film. 

The results of this experiment are shown in panel II of 
figure 5. The X-Y homologous amelogenin gene is known 

15 to be sensitive to DNA degradation (AJcane et al 1994/ 

supra) . With increasing degradation, the 908 bp long X 
band gets progressively weaker as compared to the 719 bp 
long Y band. From panel II of figure 5 it is apparent 
that the relative strength of the X and Y bands is 

20 comparable for DNA isolated with Dynabeads DNA DIRECT 
and the traditional method, indicating that the degree 
of degradation is the same with the two methods. The 
PCR reactions from traditionally isolated DNA gives 
somewhat more product than does the reactions from DNA 

25 DIRECT isolated DNA. The reason for this is that ten 
times more template is used in the PCR reactions from 
traditionally isolated DNA than in the PCR reactions 
from DNA DIRECT isolated DNA. 

3 0 Lysis/binding buffer: 0.5 M LiCl 



1 % LIDS 



Washing buffer: 



0.1 M TrisCl pH 7.5 
10 mM EDTA 

5 mM dithiothreitol (DTT) 
0.15 M LiCl 
10 mM Tris-HCl pH 8.0 
1 mM EDTA 
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concentration of 1 x, dNTPs (Pharmacia) were added to a 
final concentration of 0.2 mM, and 1 unit of amplitaq 
(Perkin Elmer) was used per reaction. 5 pmol each of 
primers GAPDH- Forward (5 1 -ACAGTCCATGCCATCACTGCC-3 • ) and 
5 GAPDH- Reverse (5 1 - GCCTGCTTCACCACCTTCTTG - 3 ' ) were added 
per reaction. PCR was performed on a Perkin Elmer 
GeneAmp PCR System 9600. PCR conditions for the GAPDH 
amplicon were 4 min at 94*C, 34 X [30 sec at 94°C, 30 sec 
at 61°C, 1 min at 72°C] , 10 min at 72°C. 

10 

Both genomic DNA and PCR products were visualised on 
ethidium bromide stained 1.5% agarose gels. 10 fxl of 
the 50 /zl reaction was loaded on to an agarose gel, as 
was 50 % of the isolated genomic DNA. Electrophoresis 
15 was performed in 1 x TAE buffer, and the results were 

documented with a DS34 Polaroid camera and Polaroid 667 
film. 

The results of this experiment are shown in figure 6. No 
20 significant variation between the different isolations 
can be observed. Similar results were obtained with 
other coagulants as well as from donors with higher 
white blood cell counts. 

25 EXAMPLE 8 

DNA isolation from blood with different anticoacm 1 ants 

Dynabeads DNA DIRECT (kit, commercially available from 
30 Dynal AS, Oslo, Norway) was used to isolate DNA from 
untreated whole blood as well as blood anticoagulated 
with EDTA, Citrate or Heparin. From each type of 
starting material, two separate isolations were 
performed, with blood from different donors. The buffer 
35 components in the kit are as described in example 6. 

Lysis of the DNA containing cells from blood .was 
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gel, as was 25 % (50 % from the Heparin samples) of the 
isolated genomic DNA. Both genomic DNA and PCR products 
were visualised on ethidium bromide stained 1.5% agarose 
gels. Electrophoresis was performed in 1 x TAE buffer, 
and the results were documented with a DS34 Polaroid 
camera and Polaroid 667 film. 

The results of this experiment are shown in figure 7 . 
As the isolations from Heparinized samples were from 
only 5 fil of blood, using 20 % of the DNA from these 
isolations as starting material for PCR is comparable to 
using 10 % from the other isolations, that are all from 
10 fxl blood. When this is taken into consideration, it 
is apparent that the type of anticoagulant used does not 
significantly affect the result. 

In the experiment just described, Lithium Heparin was 
used. In this system, similar results are obtained with 
Lithium and Sodium Heparin, even though Lithium Heparin 
has been shown to have inhibitory effects in other 
systems (Panaccio, M. , M. Georgesz and A.M. Lew. 1993. 
FoLT PCR: A Simple PCR Protocol for Amplifying DNA 
Directly from Whole Blood. BioTechnigues 14(3): 238- 
243) . DNA DIRECT also performs well on blood 
anticoagulated with ACD (panel II of figure 5) or CPD 
(data not shown) . 

Isolation of DNA from blood samples stored under 
different ronditions 

Dynabeads DNA DIRECT (kit, commercially available from 
Dynal AS, Oslo, Norway) was used to isolate DNA from 
EDTA blood from two different donors. What was 
remaining of the blood samples were then divided into 
two, one part that was stored at +4°C and one that was 
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Using DynaJbeads DNA DIRECT as described earlier in this 
example, DNA was isolated from two citrate treated blood 
samples, and from the same two samples 10 fil was spotted 
on a plastic surface and allowed to air dry at room 
5 temperature. The dried blood spots were transferred to 
1.5 ml tubes, 40 fil PBS was added, and the tubes were 
left at room temperature with gentle agitation for 90 
min, before DNA was isolated with Dynabeads DNA DIRECT. 
From each of the 4 isolations (fresh and dried) , 10 % 
10 was used as starting material for PCR amplification of 
the GAPDH amplicon as described in example 8. Both 
genomic DNA and PCR products were visualised on ethidium 
bromide stained 1.5% agarose gels. 10 /xl of the 50 /xl 
reaction was loaded on the gel, as was 50 % of the 
15 isolated genomic DNA. Electrophoresis was performed in 1 
x TAE buffer, and the results were documented with a 
DS34 Polaroid camera and Polaroid 667 film. The results 
of this experiment are shown in panel II of figure 8. 
The yield from dried blood is good and the isolated DNA 
20 is suitable for PCR. 

DNA isolation from Bone marrow and Culture cells 

25 

DNA ISOLATIONS FROM BONE MARROW 

1, 2, and 5 /il of heparinized bone marrow from each of 
two healthy donors were used as starting material for 

3 0 DNA isolation with DNA DIRECT. The buffer components are 
as described in example 6 . Lysis of the bone marrow was 
obtained by mixing 200 fil (one sample test) of Dynabeads 
DNA DIRECT with 1-5 /xl of heparinized bone marrow in a 
1.5 ml microcentrifuge tube. Lysates were then left on 

35 the bench at room temperature for 5 minutes to allow 
adsorption of genomic DNA to the Dynabeads. 
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DNA ISOLATION FROM CULTURED CELLS 

Two samples of 4 x 10 5 Daudi cells were used as starting 
material for DNA isolation with DNA DIRECT. DNA 
5 isolation from 4 x 10 s cultured cells (cell line Daudi) 

was performed as described above, except that 1 ml (five 
sample tests) of Dynabeads DNA DIRECT was used. 
Accordingly, the washing steps were performed in 1 ml 
washing buffer. The DNA/Dynabeads complex was 
10 resuspended in 120 fil TE, and as for bone marrow, no 
elution step was performed after the resuspension. 

From each of the isolations, 1 ^1 of a total of 120 /zl 
was used as starting material for PCR amplification of 
15 the GAPDH amplicon, as described in Example 8. 

Both genomic DNA and PCR products were visualised on 
ethidium bromide stained 1.5% agarose gels. 10 /zl of the 
50 fil reaction was loaded on to an agarose gel, as was 
20 10 % of the isolated genomic DNA. Electrophoresis was 
performed in 1 x TAE buffer, and the results were 
documented with a DS34 Polaroid camera and Polaroid 667 
film. 

25 The results of this experiment are shown in panel II of 
figure 9, demonstrating that at least 120 PCR reactions 
may be run from an isolation of this scale. 

Bxaaple 11 

30 

Isolation of DNA from a formalin fixed, p araffin 
embedded serf: ion of liver 

Dynabeads DNA DIRECT (kit, commercially available from 
35 Dynal AS, Oslo, Norway) was used to isolate DNA from a 
formalin fixed, paraffin embedded section of liver. The 
buffer components of the kit and the bead concentration 
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Example 12 a 

Removal of atomic DNA with DNA DIRECT prior to mRNA 

isolation,. 

5 

mRNA was isolated from 1 million Daudi cells per sample . 
The cells were lysed in 0.75 ml Lysis/binding buffer 
with DNA DIRECT Dynabeads present in the buffer. The 
samples were incubated for 5 minutes and the 
10 DNA-Dynabead complexes were collected by applying a 

Dynal MPC-E magnet for 2 minutes. Different amounts of 
DNA DIRECT beads were used to remove genomic DNA; 1, 2, 
5 and 10 mg per sample (Figure 11) . 

15 The lysate from each sample was transferred to new tubes 
with 1 mg Dynabeads 01igo(dT) 2S according to standard 
procedure (Dynals mRNA DIRECT kit protocol) .. The 
Dynabeads were mixed with the lysate to capture the 
polyadenylated mRNA by hybridisation for 5 minutes at 
20 room temperature. The mRNA-Dynabead complexes were 

collected with the MPC-E magnet by placing the tubes in 
the magnetic stand for 2 minutes . The solution was 
removed and discarded. Washing solution with LiDS (0.75 
ml) was added and the beads were washed thoroughly by 
25 pipetting up and down. The mRNA-Dynabead complexes were 
collected with the magnet, and the washing procedure was 
repeated once with washing buffer with LiDS and twice 
with washing buffer without detergent. Finally, the 
purified mRNA was eluted from the Dynabeads in 20 /xl 5 
30 mM Tris-HCl pH 7,5 buffer, by incubation at 65° C for 2 
minutes. The eluates were analysed by non- denaturing gel 
electrophoresis in a 1.0 % agarose gel with ethidium 
bromide. Figure 11 shows the results from this 
experiment . 

35 

The EtBr-staining reveals both double- stranded DNA and 
rRNA due to secondary structure. The two ribosomal RNA 
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of Water Research, 1991, Culture collection of algae) . 
20-200 million bacteria or 450,000 cyanobacteria were 
used per DNA isolation. 

5 Agar plates containing 2% malt extract was used for 
mycelia growth and incubated for 14 days at room 
temperature. Mycelia was isolated by scraping the 
surface of the agar plates with a spatula. Fungi 
fruitbodies were obtained from natural populations. In 
10 the range of 1-3 mg air dried and 3-20 mg fresh fungi 
fruitbodies were used per DNA isolation. 

Bakers yeast SaCChargmyCSS cerevisiae was obtained from 
a commercial supplier. Algae were cultured under 

15 illumination in IMR-medium for 7 days (Eppley, R et al . . 
1967, Exp. Mar. Biol. Ecol . 1, 191-208). Fresh leaves 
from Arabidnpsis f.haliana and barley (Hordeum vulgar**) 
were picked from young plants (3 weeks old) . Epithelia 
were obtained from perch (Perca fluvatilis) fins. About 

20 1 mg wet weight yeast, 3 0-100 mg young plant leaves and 
100-400 mg perch were used per DNA isolation. 

Multicellular tissues with rigid cell walls were 
mechanically broken to increase DNA yield. Fungi 

25 fruitbodies were ground with foreceps for about 2 

minutes . Plant leaves were homogenised for 2 minutes in 
liquid nitrogen with a pestle (Kontes Scientific 
Instruments, Vineland, New Jersey, USA) . For all other 
samples no mechanical work was required for cell 

30 breakage. 

DNA isolation 

DNA isolations were performed using Dynabeads DNA DIRECT 
3 5 (kit, commercially available from Dynal AS, Oslo, 

Norway) . Lysis of the cells and organisms were obtained 
by mixing 200 /xl of Dynabeads DNA DIRECT (200 /xg 
uncoated Dynabeads in Lysis/binding buffer) with the 
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methods were used. Algae, vertebrate and bacterial DNA 
were isolated with the protocol described by Sambrook, 
J. gt al . . 1989, supra. Cyanobacteria were homogenized 
with alumina type A-5 (Sigma Chemicals Co., St. Louis, 
5 USA) before isolation to ensure complete lysis. Plant 
and fungi DNA were isolated with the protocol described 
by Scot, O.R. and Bendich, A. J\ , 1994, in "Plant 
Molecular Biology Manual", page Dl : 1-8, Kluwer Academic 
Publisher, Belgium. 

10 

PCR amplifications 

For each sample type the reproducibility was tested by 
using separate DNA isolations, serial DNA dilutions and 

15 multiple PCR assays . DNA isolation reagents and PCR 

reagents were controlled for absence of contamination in 
each separate experiment . All PCR reactions were 
performed in a 50 }i± reaction volume containing; 15 
pmoles primers, 200 fM dNTP, 10 mM Tris-HCl pH 8.8, 1.5 

20 mM MgCl 2 , 50 mM KC1, 0.1% Triton X-100, 1 Unit DynaZyme 
thermostable polymerase (Finnzymes Oy, Finland) and 0.1- 
5 /il of isolated DNA . PCR was performed on a Perkin 
Elmer GeneAmp PCR System 9600. 

25 Amplicons and oligonucleotide primers 

All PCR reactions were started with a DNA denaturation 
step at 94-97 w C for 3 to 5 minutes and ended with an 
extension step at 72°C for 5 minutes. 

30 

Bacteria and algae i 

The amplicon was a 16S rRNA region corresponding to g . 
col j base 334 to 939 according to IUD numbering from 
35 bacteria and algae chloroplasts (Brosius, J., et al . r 
1978, Proc. Natl. Acad. Sci.., USA, 57, 4801-4805) . 
Primers : CC 5' -TGTAAAACGACGGCCAGTCCAGACTCCTACGGGAGGCAGC- 3 1 
CD 5 ' -CTTGTGCGGGCCCCCGTCAATTC-3 1 
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A part of the Barley gene B15C (800 bp) was amplified 
with the primers 5 » -CGGATCCCGTCATCCTCTTCTCGCACCCC-3 • and 
5 ' -GGAATTCCCTTCTTGGAGGGCAGGTCGGCG-3 ' . 

5 Amplification: 35 cycles of 94"C for 30 seconds, 60*C 
for 3 0 seconds and 72 °C for 1 minute. 

p ft rrh : Mitochondrial D-loop fragment (800-900 bp) was 
amplified with the primers HV2 described by Hoelzel fit 
10 al- . 1991, Mol. Biol. Evol . , 8, 475-493, and the primer 
5 1 -GGTGACTTGCATGTGTAAGTTCA- 3 1 . 

Amplification: 30 cycles of 96°C for 1 minute, 52°C for 
2 minutes and 72°C for 2 minutes. 

15 

The amplified fragments were visualised on ethidium 
bromide stained 1.5% agarose gels. Electrophoresis was 
performed in 1 x TAE buffer, and the results were 
documented with a DS34 Polaroid camera and Polaroid 667 
20 film. 

The results of the experiments are shown in Figure 12 
and Table 2 . 

2 5 Bacteria: The standard protocol gave DNA yields in the 
range of 100-1000 ng for the bacteria tested (Fig. 12A) . 
For some Cyanobacteria there was a substantial increase 
in DNA yield (from 500 ng to more than 1 mg) by 
improving the lysis with an extra initial incubation 

30 step at 65 0 C for 15 minutes. In all cases, good 

amplifications were obtained by using 0.25% of the 
isolated DNA. 



Fungi : The highest DNA yield was obtained from dried 
35 fruit-bodies (300-500 ng) compared with fresh fruit 

bodies (100-200 ng) (Fig. 12B) . Mycelia gave low DNA 
recovery probably due to low number of cells per sample. 
However, in most cases 5% of the isolated DNA was enough 
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Table 2: DNA isolation and PCR amplification from different organisms 



Species 1 



Sample* 



DNA 
yield' 



AmpUcon 7 " 
Gen. Org, 



— R5 

product* 



BtfSSEfa I 

£ co/INovaBtae 1 
A. lumefacUns GV 310* 
PlanJaoxhrix agardhii N-C 2T 
/>. proltfica N- C320 
Microcystis aruxinosa N-C 43 
M, aruftinosa N-C 228/1 
Anobofiia tory N-C 246 
Phormidiumsp'H-C 177 
Aphanaamenon sp N-C 103 
/>. hollandica N 5/89 -^progiJorotfirix 



.grain pos. 



gram netf. 



Cyaoo bacteria 



fresh 

test 

fresh 

firesh 

fresh 

fresh 

finesh 

frozen 

frozen 

frozen 

frozen 



4-+4- 
+4>4> 
4-4-4* 
4-4-4* 

4-4*4* 
4*4*4> 
4- + 4« 



16S 
I6S 
16$ 

its 

16S 
16S 
1(S 
16$ 
16$ 
16$ 
165 



4-4»* 
4-4*4* 
4-4- + 
4-+4* 



4-4* 

4"*4- 

+4-4- 



Funri 

Coninarius sanguineus 
Coninarius ftenrilis 
Russuia inxeftra 
Laccaria bicolor 
Tnharia ochroUuca 
Verjahinia cahhae 
Ptzxzxs vesiculosa 
Saccharomyces cevisiae 



basidiomycetes 

ascomycetes 
yeast 



Atae 

Gyrvdi 



Cyrvdinum aureolum 
ffctrocapsa trixutna 
ScrtpsieUa pvchidea 
Geranium striatum 
ChXortUa vulgaris 
Clamydomonas rtinardii 
Ca&acantus ustukaa 
Chrysochromulina potylepis 



dtooflagellatcs 

chloropbyta 
phacopbyceae 
crysophyceae 



Plants 

Hordum vulfare (barly) 
Arabidopsis thaiiana 

Vertebrates 

Perca fluvatiiis (perch) 



i 



fish 



mooocot 
dkot 



diruitb* 
dfrukb. 
fjjruiib. 
fjnycel 
fjnycel 
fjnycei 
finycel 
fresh 



firesh 
tech 
fresh 
fresh 
fresh 
fresh 
fresh 
fresh 



leaf 
Jeaf 



4"4-4- 

m 

4- 

ni 

Of 
01 



4- + 4- 
4-4-4- 
4-4*4. 
4-4*4- 
4*4-4> 
4*i-4- 
4-4-4- 
4*4-4- 



4-4*4- 
4*4*4- 



4-4-4- 



145 

its 
iss 

115 
ISS 

its 
its 
its 



lt$/16S 
1SS/16S 

izsnes 

its 

its 

IIS 

its 
its 



BlSCJtrnL 
BISatml 



tMoop 



4-4-4- 

4*4*4- 
4-4-4- 



4*4-4- 



4- 4- 4-/4- 4- 4- 
4*4*4-/4-4-4- 
4- 4- 4-/4-4* 4- 



4* 4- 4-/4- 4* 4- 
4- 4- 4-/4- 4- 4- 



* A* lumerfariens ■= Aghrobaoerium rumcfanens, 
P. hoilandica » Prochiorothrix hoilandica. 

b d.fruiib *» dried fruitbodies, f.mycelia =» fresh raycelia, ep. ■ epithelium- 
c Approximate DNA yields relative to standard phenol/chloroform isolations; 

+++: > t0% ( + + : > 10 %♦+:>! %*nt. - not tested. 
d Gen* » genomic DNA, Org- - organelle DNA from chloroplasts (algae and plants) and mitochondria 

(fish). 

* Amplicons as described in example 13. 
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10. A method as claimed in any one of claims l to 9 f 
wherein the detergent is used in alkaline solution. 

11. A method as claimed in any one of claims 1 to 10, 
5 wherein the solid support is particulate. 

12. A method as claimed in claim 11, wherein the solid 
support comprises magnetic beads. 

10 13. A method as claimed in any one of claims 1 to 12, 
wherein the solid support has a hydrophobic surface. 

14. A method as claimed in any one of claims 1 to 13, 
wherein the nucleic acid is eluted from the support, 

IS following separation from the sample. 

15. A method as claimed in claim 14, wherein the 
nucleic acid is eluted by heating. 

20 16. A kit for isolating nucleic acid from a sample, 

comprising a solid support and one or more detergents as 
defined in any one of claims 1 to 13. 

17. . A kit as claimed in claim 16, further comprising 
25 one or more buffers, salts, lysis agents, chelating 

agents and/or reducing agents . 

18. A kit as claimed in claim 16 or claim 17, further 
comprising means for isolating RNA. 

30 
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